Objective. To establish whether variation in innate immunity, as measured by the level of tumor necrosis factor (TNF) in lipopolysaccharide (LPS)-stimulated whole-blood culture, is related to sex or HLA.
Immunity, the ability to resist microbial invasion, is a paramount function based on diverse mechanisms. Host defense may stem from physical barriers, phagocytes, natural killer cells, and various plasma effector molecules, such as the complement system. Innate or natural immunity, a method of host defense represented among most multicellular living things, is based on phagocytes and plasma proteins. For example, endotoxin binds to a plasma protein (lipopolysaccharide [LPS]-binding protein, or LBP), and the complex in turn binds to monocyte cell surface receptors and incites an inflammatory reaction. This first line of defense is present before microbial exposure, is immediately active, does not change with repeated exposure, and is not specific for the invading foreign material. Another kind of immunity found only in vertebrates is adaptive or specific immunity. This kind of host defense develops after a delay of 4-7 days after exposure and develops specificity for the invading material; it stems from specific lymphocytes and immunoglobulins.
Immune responses are sexually dimorphic in type and degree (for review, see refs. 1 and 2). Overall, female experimental animals are more likely to develop a Th1-type response after exposure to an immunogen or infectious agent, except during pregnancy, when a Th2 response supercedes. In humans, the immune response also differs by degree: women develop more vigorous immunity with higher antibody levels and stronger cellmediated immunity. Some have suggested that sex steroids, sexually dimorphic pituitary hormones (prolactin and growth hormone), or liver-derived insulin-like growth factor 1 may influence immune responses and autoimmune disease susceptibility (1) .
Rheumatoid arthritis (RA) and a plethora of other autoimmune inflammatory disorders occur predominantly in women (3) . The clinical phenotype of RA may differ according to sex: compared with a group of male subjects with RA, a group of female subjects with RA less frequently had erosive disease, rheumatoid nodules, and rheumatoid lung disease, and more often had reconstructive surgery for RA joint damage and sicca syndrome (4) . Exactly why these sex biases occur is unknown.
RA is a complex genetic disease. It shows familial aggregation, increased twin concordance in monozygotic twins compared with dizygotic twins, and diminished penetrance, but no recognizable Mendelian pattern of inheritance (5) . The genetic basis of RA probably involves several disease genes, of which at least two are HLA-region disease susceptibility loci, one recognized through association with shared-epitope DRB1 alleles and the other by HLA class III markers (6) (7) (8) (9) (10) (11) (12) (13) . Recent genome-wide and candidate-gene studies to detect genetic loci linked with RA have generally confirmed HLA linkage and implicated several genomic intervals distant from HLA (12, (14) (15) (16) . Because of high utility stemming from degree of polymorphism, the microsatellites near the TNF gene have generally been used to represent the TNF region. These include microsatellite (GT) n and (GA) n repeats ϳ3.5 kb upstream to the lymphotoxinalpha gene LTA (TNFa and TNFb, respectively) that are, in turn, near the TNF gene; the TNFa and TNFb markers form TNFab haplotypes like TNFa2-TNFb1, abbreviated TNFa2b1 (17, 18) . The TNFab microsatellite markers have been found to be RA susceptibility factors independent of the HLA-DRB1 region (6, 7, 10, 12, 13) . Sex-related bias applies to RA heredity; sex influences association of HLA markers with RA (19, 20) .
Tumor necrosis factor (TNF) may play a role in RA risk and pathogenesis. TNF is an HLA class III region cytokine encoded by a locus between those for the second component of complement and HLA-B.
TNF may be critical for RA pathogenesis, directly mediating cartilage and bone damage and amplifying effects from other proinflammatory cytokines, such as interleukin-1 (IL-1) and granulocyte-macrophage colony-stimulating factor (21, 22) . Experimental therapies directed toward TNF, such as chimeric monoclonal antibodies or soluble TNF receptors, appear to have remarkable benefit in RA subjects (23) (24) (25) .
LPS-stimulated TNF production is an in vitro assay of innate immunity. This measure has marked interindividual variation (26, 27) stemming in part from genetic factors. Westendorp and colleagues found in 1997 that the LPS-stimulated TNF level had a broadsense heritability of 0.60 in a Dutch population (28) . Jacob and colleagues noted interindividual variation in the mitogen-stimulated TNF level that was specific for the stimulus used; although the response level was not the same with all stimuli, high producers with one stimulus were high producers with another, and low producers with one stimulus were low producers with another (29) . The TNF production level was related to HLA haplotype (29) . This in vitro measure of innate immunity also has substantial pathogenetic implications. The families of survivors of meningococcal infections had a profile of higher levels of LPS-stimulated TNF and lower levels of LPS-stimulated IL-10 than did families of those who did not survive meningococcal infections (28) .
Therefore, to investigate sex and HLA influences on innate immunity, we examined an in vitro assay, LPS-stimulated whole-blood culture with subsequent TNF immunoassay on culture supernatant, for influences stemming from sex and the HLA-region microsatellite marker, TNFab.
PATIENTS AND METHODS
Subjects. This study was approved by the respective Institutional Review Boards of Virginia Commonwealth University and the Hunter Holmes McGuire Veterans Affairs Medical Center (VAMC). We identified 231 normal volunteers (159 men, 72 women) from the Virginia Commonwealth University and McGuire VAMC communities. Demographic characteristics are listed in Table 1 . Following informed consent, volunteers completed a short questionnaire and underwent peripheral blood venipuncture from 8:00 AM to 10:00 AM. Blood was introduced into a heparin tube and into a potassium EDTA tube. The questionnaire included demographic information, including age and self-reported ethnicity, listing of medications (nonsteroidal antiinflammatory drugs [NSAIDs], oral corticosteroids, or others), and illnesses or exercise within the previous 72 hours. Cigarette smoking influences the innate immunity measure employed in this study (30) , but of samples from 59 men and 53 women, only 6 subjects gave this history.
Automated blood counts and differential were done using a commercial cell counter (Gen-S; Coulter, Hialeah, FL).
LPS-stimulated whole-blood culture and TNF immunoassay. We used a whole-blood stimulation procedure followed by TNF enzyme-linked immunoassay as developed by van der Linden and colleagues at Leiden (31) . The wholeblood stimulation involves diluting heparinized blood with an equal volume of RPMI 1640 plus glutamine (Invitrogen, Carlsbad, CA), adding a dilution of LPS (Sigma, St. Louis, MO), culturing for 4 hours (5% CO 2 , 37 o C), and harvesting supernatant for later immunoassay. Maximal TNF production occurred with 1,000 ng/ml LPS. We stored the supernatants at -70 o C; despite these conditions, immunoreactive TNF levels declined 8% over a 1-month period and 27% over 3 months. Addition of protease inhibitors or glycerol or silanization of storage tubes did not prevent this decline. With 1, 2, and 3 freeze-thaw cycles, the decrements of detectable TNF were 10%, 17%, and 27%. To correct for storage-related decline, we adopted the strategies of aliquoting supernatants for -70 o C storage, storing an internal control (with known TNF level) with each batch of unknowns, and testing an aliquot within 2 weeks.
The sandwich immunoassay used a coating monoclonal antibody directed toward TNF (R&D Systems, Minneapolis, MN), followed by a dilution of culture supernatant, then by a second biotinylated mouse monoclonal anti-TNF antibody (R&D Systems), then by streptavidin-peroxidase, then by a solution of tetramethylbenzidine substrate, and finally by a stop solution (0.25M sulfuric acid). Optical density was measured at 450 nm using an automated spectrophotometer (Tecan Spectra Rainbow, Durham, NC). We also optimized the TNF immunoassay to maximize sensitivity. We examined the influence of NaCl added to the supernatant just before immunoassay and found that a final NaCl concentration of 0.225M led to a 16% increment in TNF detected; we reasoned that this condition might have released TNF from binding proteins. The intraassay variation for the whole-blood stimulation plus immunoassay was 3.7%, and the interassay variation over 3 months was 8.2%, both of which were acceptable.
The effects of common over-the-counter and prescription medications and diurnal variation are also important. We examined medication effects: a single 650-mg dose of aspirin had little effect within 4 hours, and a single 10-mg dose of prednisone gave 98% suppression of TNF within 2 hours. Inducible TNF levels increased slightly from 8:00 AM to 11:00 AM (ϳ18%); thus, morning sampling during this period does increase variation slightly. We examined one male internal control by obtaining 21 different blood samples over a period of 15 months to examine interassay plus biologic variation (including NSAID, minor illness, and aerobic exercise effects), and the mean Ϯ SD TNF level was 2,823 Ϯ 533 pg/ml (coefficient of variation 18.9%).
DNA purification and TNFab genotyping. The potassium EDTA tube was used for DNA purification using the salting-out method (PureGene kit; Gentra Systems, Minneapolis, MN). TNF microsatellites TNFa and TNFb are adjacent loci 6 kb telomeric to the TNFA locus (National Center for Biotechnology Information accession no. Z15026) (17, 18) . Genotypes were assigned by polymerase chain reaction (PCR) (17) followed by sequencing-type gel electrophoresis and silver staining; controls included PCR products from templates derived from cell lines of known TNF genotype (32, 33) . We first typed for TNFa and TNFb microsatellite genotypes. Then, by amplifying the entire TNFab region, we derived the TNFab haplotype from the known TNFa and TNFb genotypes and the TNFab product size (33) . For example, in an individual with TNF genotypes a2,a6 and b1,b5 and TNFab product lengths of 202 bp and 214 bp, we reasoned that the TNFab length was consistent with haplotypes TNFa2b1 (202 bp) and TNFa6b5 (214 bp), not a2b5 (206 bp) and a6b1 (210 bp). Each TNFab microsatellite haplotype was treated as an allele for further analyses.
Statistical analysis. We used SAS System for Windows (Release 8.01; SAS Institute, Cary, NC) to develop models to predict the LPS-stimulated whole-blood TNF level (pg/ml) in normal volunteers based on sex and TNFab markers (each coded for the number of alleles: 0, 1, or 2), as adjusted for confounders (age in years, race, NSAIDs within the previous 3 days, oral corticosteroids within the previous 3 days, duration of sleep the prior night in hours, or illness within the previous 3 days). For example, a simplified equation for all subjects is as follows:
Here, the dependent or response variable is the LPSstimulated whole-blood TNF level, and the explanatory variables are sex, 3 TNFab markers, and 3 potential confounding variables (NSAIDs, illness, and hours of sleep). The numbers in front of the explanatory variables are regression coefficients and are interpreted as follows: if NSAIDs, illness, sleep, TNFa4b5, TNFa5b5, and TNFa5b7 are held constant, then the LPS-stimulated TNF level increases by ϳ612 pg/ml for male sex over that for female sex. (Please note that this model represents a simplified explanatory illustration; the best-fitting models are incorporated into the Results.) We analyzed by using multiple linear regression modeling methods to verify the association between the LPSstimulated whole-blood TNF level and the explanatory variables of sex and TNFab markers, while controlling for confounders (as listed above). The independent variables used in the full model include those listed in Table 2 . We confirmed the assumptions of multiple linear regression (linearity, equal variances, independence, and normal distribution of TNF for each value of explanatory variables). The explanatory variables were evaluated by PROC REG (SAS System for Windows; SAS Institute); those variables selected by stepwise linear regression are shown in bold in Table 2 . Potential explanatory variables were examined and found to have no significant collinearity by PROC GLM (SAS System for Windows; SAS Institute); sex did have some trend toward interaction with TNFa1b5 (P ϭ 0.0237) and TNFa10b4 (P ϭ 0.0259). We found no outliers in data for men or women.
Mx modeling of allelic effects. Mx (written by MCN; available at no charge online at http://www.vipbg.vcu.edu/ mxgui) is a combination of a matrix algebra interpreter and a numerical optimizer. It enables exploration of matrix algebra through a variety of operations and functions. There are many built-in fit functions to enable structural equation modeling and other types of statistical modeling of data. It offers the fitting functions found in commercial software such as LISREL, LISCOMP, EQS, and CALIS, along with facilities for maximum likelihood estimation of parameters from missing data structures, under normal theory. Complex "nonstandard" models are easy to specify. For further general applicability, Mx allows users to define their own fit functions, and optimization may be performed subject to linear and nonlinear equality or boundary constraints. In the present study, Mx was used to provide maximum likelihood fit for TNFab marker allelic effects to actual data in sex-stratified analyses; infrequent marker alleles were combined into a single category. To assess statistical significance, the modeling examined reduction in model fit when specific marker alleles were dropped. The potential confounders of age, self-reported race, medications, sleep, and illness were incorporated into the models.
RESULTS
Demographic features. There were 159 male subjects and 72 female subjects, of whom 19 women were not typed for TNFab microsatellites. The male and female subject groups did not differ significantly in some potential confounders (hours of sleep, age, frequency of corticosteroid use, or race) ( Table 1 ). The male group showed a trend toward reporting illness less frequently Table, SE ␤ is the standard error of ␤, and 95% CI represents the 95% confidence interval for ␤. The obtained r 2 represents the fraction of all TNF variation accounted for by this model, and the F ratio is an overall test of statistical significance for the multivariate model. See Table 1 for other definitions. † The number of alleles represents those among 53 women or 159 men; the remaining alleles were grouped as "infrequents" (see Figure 3) .
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(P ϭ 0.0543, by Fisher's exact test) and using NSAIDs less frequently (P ϭ 0.003, by Fisher's exact test). LPS-stimulated TNF level influenced by sex. Both male and female groups showed substantial withingroup variation (coefficient of variation 59.1% for women, 40.3% for men). However, the mean Ϯ SD LPS-stimulated TNF level in the female group was nearly 30% lower than in the male group (1,556 Ϯ 919 pg/ml versus 2,203 Ϯ 889 pg/ml; P Ͻ 0.0001, by Wilcoxon 2-sample test). The possibility that this stemmed from a difference in peripheral blood leukocyte count was examined in a subset of 31 men and 14 women; there was no statistically significant difference in mean Ϯ SD absolute monocyte count (49. In both male and female groups, the LPSstimulated TNF level correlated with the absolute monocyte count (Pearson's r ϭ 0.382 and Pearson's r ϭ 0.582, respectively, P Ͻ 0.05 for each). There was also a correlation with the absolute lymphocyte count in men and a trend in women (Pearson's r ϭ 0.386, P Ͻ 0.05 and Pearson's r ϭ 0.491, P not significant, respectively). Regardless of this, however, the mean Ϯ SD LPSstimulated TNF level was lower in the female group, whether expressed per 10 3 leukocytes (198.7 Ϯ 144.3 pg/ml versus 329 Ϯ 138 pg/ml; P ϭ 0.006), per 10 3 monocytes (26.6 Ϯ 19.6 pg/ml versus 49.6 Ϯ 11.2 pg/ml; P ϭ 0.041), or per 10 3 lymphocytes (5.6 Ϯ 4.0 pg/ml versus 10.0 Ϯ 4.3 pg/ml; P ϭ 0.003) (all by Wilcoxon 2-sample test). To address whether differences in protease activity might account for the female grouprelated decrement, we incubated cell-free supernatants at 37 o C for periods of up to 2 hours, but there was no decrease in TNF detected. Thus, the lower value in the female group did not solely reflect an influence on cell populations or induced proteases; women produced lower quantities of TNF.
TNFab microsatellite marker genotyping. The scatter plots of data for both men and women showed substantial overlap among the values represented for all alleles (Figures 1 and 2) . The frequency distribution of TNFab markers did not differ significantly between male and female groups ( 2 ϭ 14.5, 8 degrees of freedom [df], P ϭ 0.182).
TNF level predicted by sex independently of TNFab (Table 2) . Multivariate analyses allowed detection of whether sex was independent of TNFab markers while controlling for the potential confounders of age, race, medications, recent illness, or sleep. The results are shown in Table 2 . Sex was a statistically significant independent variable predictive of the LPS-stimulated TNF level (P Ͻ 0.0001); when all other potential confounders and independent variables were held constant, female sex led to a predicted TNF level slightly Ͻ800 pg/ml lower than male sex (Table 2 ). In sex-stratified linear regression analyses with stepwise selection with main effects only, the female model included TNFa1b5, TNFa4b5, and TNFa10b4 with P values of Ͻ0.05. The corresponding male model selected TNFa1b5, TNFa5b7, TNFa6b5, and TNFa11b4. However, the TNFa1b5 coefficients for women and men differed: the coefficient for women was highly negative (mean Ϯ SE Ϫ2,466 Ϯ 963 pg/ml), the corresponding coefficient for men was positive (mean Ϯ SE 1,102 Ϯ 400 pg/ml), and the two confidence intervals did not overlap.
Stepwise selection employing the model using men and women together, as outlined in Table 2 , selected only sex (P Ͻ 0.0001 in the reduced model), TNFa4b5 (P ϭ 0.0131), TNFa5b7 (P ϭ 0.0233), and sex by TNFa1b5 (P ϭ 0.0396), but not the interaction term of sex by TNFa10b4. The r 2 represented in Table 2 is the fraction of all TNF variation accounted for by this model, 30%; thus, much variation remains uncaptured by the included variables.
TNFab marker allelic effects on LPS-stimulated TNF level. Modeling of allelic effects for each TNFab marker allele allowed testing of significant deviations from the overall means for the female or the male groups while controlling for the covariates of age, race, medications, illness, and sleep. Dominance effects did not fit as well as additive model effects. The overall modeling showed that there were significant TNFab marker allelic effects (comparison of full model versus model with no TNFab allelic effects: 2 ϭ 44.8, 19 df, P ϭ 0.002). With the model showing the best fit, allowing different allelic means for each sex group, the female group showed negative deviation from the mean for TNFa4b5 and positive deviation with TNFa10b4 (Table  3 and Figure 3 ). For the male group, higher-than-mean levels were found with TNFa1b5, TNFa5b7, and TNFa6b5 (Table 3 and Figure 3) .
The multiple linear regression model represented in Table 2 showed a significant coefficient for an interaction term of sex with TNFa1b5 and sex with TNFa10b4, but stepwise selection removed the sex with TNFa10b4 variable. Thus, both regression and modeling of allelic effects suggested that some TNFab marker effects may differ between male and female groups. In allelic effects models, covariates accounted for only a small fraction of variation (8% in women, 2% in men), while TNFab marker allele effects conferred substantially more of the variation (23% in the female group, 17% in the male group). Thus, while the sex influence on the LPS-stimulated TNF level is largely exerted outside TNFab, TNFab itself does account for substantial variation, with different TNFab marker alleles conferring statistically significant deviations from the mean for each sex group.
Consideration of estrogen effects. The possibility that TNF measures reflected estrogen effects was examined by obtaining blood samples from 10 normal female volunteers twice during a menstrual cycle. There was no trend toward lower or higher levels during the luteal phase of the menstrual cycle. A subset of 51 female subjects had estradiol levels measured. TNF did not correlate significantly with the plasma estradiol level (Pearson's r ϭ 0.148, P ϭ 0.30). Using multivariate analytic methods (similar to those reflected in Table 2 , but including only TNFa1b5, TNFa4b5, TNFa10b4, and TNFa11b4), estradiol levels and variables representing oral contraceptive use and menstrual cycle phase did not influence the TNF level (P ϭ 0.266, P ϭ 0.870, and P ϭ 0.404, respectively; data not shown) or interact with TNFab marker alleles (data not shown). Table 1 for other definitions). † Grand mean for women ϭ 2,792.2 ϩ (Ϫ838.4 ϫ Asian race) ϩ (Ϫ164.9 ϫ hours of sleep) ϩ (Ϫ378.2 ϫ illness). Grand mean for men ϭ 2,513.5 ϩ (6.25 ϫ years of age) ϩ (Ϫ99.9 ϫ hours of sleep). ‡ Eight percent of variation among women was accounted for by Asian race, age, and sleep; 23% was accounted for by TNFab allelic effects. Two percent of variation among men was accounted for by age and sleep; 17% was accounted for by TNFab allelic effects.
DISCUSSION
Taken as a whole, this in vitro measure of innate immunity, the LPS-stimulated TNF level, varies remarkably. Some detectable variation stems from the HLA region (as reflected in TNFab microsatellite marker alleles), a large fraction is environmental/random variation (as reflected in the repeated measures of an internal control), and another large fraction is associated with sex and is not directly related to estradiol levels among premenopausal women. Judging from the model represented in Table 2 , the sum of TNFab markers, sex, interaction terms, and the potential confounders (age, race, NSAID use, corticosteroid use, illness, and sleep) accounts for only 30% of all LPS-stimulated TNF variation. Thus, while substantial nongenetic variation exists (as shown by the 19% coefficient of variation in the internal control), much variation is not accounted for, particularly in female subjects. One can only speculate about sources of nongenetic variation at this time, but exposure to ultraviolet radiation, unreported minor illnesses, environmental exposures, and seasonal variations may bear examination as potential sources. Examining why variation occurs may help explain differences in the threshold for disease or differences in clinical phenotype and potentially might address differences in therapeutic responses.
It is not known why the female group had lower levels of LPS-stimulated TNF. One possibility is an influence on the hypothalamic-pituitary-adrenal axis. In previous studies of physiologic corticosteroid doses administered to normal volunteers, LPS-stimulated TNF levels were suppressed (34) . Also, LPS-stimulated TNF levels were lower in morning samples than in afternoon samples, a pattern inverse to that of cortisol levels (34) . While our morning sampling minimized this diurnal variation, this finding suggests that any variation in plasma cortisol level, whether genetic, sex-influenced, or nongenetic, may affect this measure of innate immunity. There exists a sexual dimorphism in cortisol response to endogenous adrenocorticotropic hormone (ACTH); although equivalent daily cortisol secretion is attained, female subjects have lower ACTH secretion levels, suggesting more response from the female adrenal cortex (35) . Whether the sex-related difference in LPSstimulated TNF reflects such an endocrine dimorphism remains to be determined.
Another potential explanation is a sexual dimorphism influencing LPS-stimulated signaling. One might speculate that the LPS-signaling pathway molecules (such as LBP, MD-2, CD14, Toll-like receptor 4, myeloid differentiation primary response gene 88, or IL-1 receptorassociated kinase 1) might be influenced by sexually dimorphic hormones, or that such hormones influence TNF messenger RNA stability factors. Yet other explanations might lie in TNF signaling pathways.
That women differ from men in their LPSstimulated TNF level is not an entirely novel finding. Jacob and colleagues had noted that premenopausal women had more variation than men upon repeated sampling (29) , while postmenopausal female subjects seemed to have less variation and a mean level more nearly like that of male subjects. Their study did not find a sex-related difference in level, but the magnitude of difference found in the present study would not have been discerned with the number of previously examined subjects (29) . The present study adds the observations of magnitude of difference and apparent absence of relation to menstrual cycle phase, oral contraceptive use, or estradiol level in female subjects.
This degree of variation may be important. Experimental animals genetically engineered to lack a functional TNF pathway, say, by knocking out one or both TNF receptors, have a propensity toward infections with Listeria monocytogenes, and those overexpressing TNF may develop an ileitis similar to Crohn's disease In humans, cerebral malaria is associated with high TNF levels and with a TNF promoter allele, Ϫ308A, known to occur on the TNFa2b3 haplotype (37) . Survival of male subjects with surgery-related sepsis may be influenced by a TNF-region polymorphic marker (38) .
This study is only the latest of several showing variation of TNF level stemming from HLA-region influences (for a recent review, see ref. 39 ), but it does have the advantages of larger numbers and model-fitting analyses. Santamaria and colleagues found high in vitro secretion levels with DR2/DR3 heterozygotes and low levels with DR3/DR4 heterozygotes (40). Jacob and colleagues found stable interindividual differences in stimulated TNF production that were associated with HLA-DR serologic markers: high levels with DR3 or DR4 and low levels with DR2 (29) . In 87 Dutch male subjects, Pociot and colleagues found that the TNF level reflected HLA influence: high TNF levels were associated with TNFa2, DR3, and DR4, and low levels with TNFa6, DR2, and DR5 (41) . These effects were not discernable in our male study subjects, but the previous studies did not correct for covariates or fit models of allelic effects. Garcia-Merino and colleagues found that the TNFab marker a2b3 on the ancestral B8-DR3 haplotype was associated with higher TNF secretion levels than was the TNFa11b4 marker on a B7-DR2 haplotype (42) . Investigators at Leiden have described up to 4-fold differences in stimulated TNF levels among families that could not be attributed to TNF promoter polymorphism differences (43) ; there was a slightly lower TNF level associated with the -238GA promoter genotype.
Thus, several groups of investigators have found HLA-region influences on stimulated TNF production, but the details vary and are probably related to differences in ancestral haplotypes according to the population studied. However, previous studies have addressed allelic effects either by comparing homozygous HLA genotypes (42) or by comparing subjects positive for one or another HLA haplotype (29) , in effect partly ignoring the contribution of the second HLA haplotype. Model fitting allows better analyses of allelic effects, and from the present study, it appears that TNFab allelic effects are additive.
How LPS-stimulated TNF production as an in vitro measure of innate immunity relates to the genetics of RA remains to be clarified. The HLA region appears to contain at least two disease-risk genes, one encoded by shared-epitope DRB1 polypeptide chains (44) and the other within the class III region and recognized through independent association with markers such as TNFa2b1 in men and TNFa2b3 and TNFa6b5 in women (6, 7, 13) . While some TNFab marker alleles caused significant deviations from the mean TNF level ( Figure  3) , from the present study one would not immediately discern a difference in LPS-stimulated TNF production for TNFa2b1 in men or for TNFa2b3 or TNFa6b5 in women. However, the present study does not directly address functional effects from ancestral HLA haplotypes (45) that might occur in disease-relevant tissues.
Thus, findings of this study are consistent with the notion that variation in this in vitro measure of innate immunity, LPS-stimulated TNF production, may be partitioned into substantial sex-related variation independent of HLA, HLA-region variation with some discernable superimposed sex-related effects, and variation due to unknown factors. While there is detectable HLA-related influence, the vast majority of variation stems from other sources, and some of this variation may influence the threshold for developing autoimmune disease.
